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57 ABSTRACT 

In an analog signal processing device, an output signal and 
a reference level are compared by a comparator, and a result 
of comparison is filtered by a low-pass filter. By doing So, an 
adaptive control Signal is generated So as to correspond to a 
background Signal component having a low frequency, 
included in an input Signal, and is negatively fed back to a 
Signal processing unit. With this arrangement, the back 
ground Signal component is compensated by the adaptive 
control Signal having a frequency band Sufficiently Separate 
from a frequency band of a target Signal component to be 
processed, the component being included in the input signal. 
AS a result, a DC level of the output signal is Stabilized at 
the reference level. Therefore, the Signal processing device 
of a capacitive coupling type incorporating an amplifier, an 
input capacitor, and a feedback capacitor is allowed to carry 
out an adaptive control operation for keeping a DC level of 
the output signal to a desired level, with respect to changes 
in the background Signal component or a shift of the input 
Signal from an input reference level (average value), without 
Suspending a signal processing operation. As a result, a Spare 
circuit for a refreshing operation for compensating an off-set 
Voltage of the amplifier can be omitted. 

23 Claims, 18 Drawing Sheets 
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ANALOG SIGNAL PROCESSING DEVICE 
AND CORRELATION COMPUTING DEVICE 

FIELD OF THE INVENTION 

The present invention relates to an analog signal process 
ing device incorporating amplifierS Such as differential 
amplifiers realized with CMOSs, which is for carrying out a 
Signal processing operation, for example, an amplifying 
operation with respect to input analog signals. The present 
invention also relates to a correlation computing device Such 
as a matched filter incorporating the analog signal proceSS 
ing device. 

DESCRIPTION OF THE BACKGROUND ART 

AS illustrated in FIG. 15, an analog signal processing 
circuit 1, as a concrete example of a conventional analog 
Signal processing device, incorporates an amplifier AMP1 
realized with a CMOS inverter or the like, an input capacitor 
Ci, and a feedback capacitor Cf. Varieties of practical 
application of the analog signal processing circuit 1, as a 
basic circuit for processing Signals in the analog form have 
been studied. For example, the Japanese Publication for 
Laid-open Patent Application No. 6-2 15164/1994 
(Tokukaihei No. 6-215164) discloses an example of appli 
cation thereof in a multiplying circuit. Moreover, application 
thereof in a Sample and hold circuit, a Scaling circuit, an 
add-Subtract circuit, a filtering circuit, or the like for analog 
Voltages has been Studied, too. 

The analog signal processing circuit 1 processes an input 
Signal Vin in the analog form without converting it, and 
outputs an output signal Vout including Voltage changes 
corresponding to the processing. 
On the other hand, in order to digitally proceSS Signals, 

analog/digital conversion and digital/analog conversion are 
required, which causes expansion of a circuit in size and an 
increase in power consumption. Besides, with an increase in 
quantized bits in order to achieve higher precision, proceSS 
ing drastically increases for an arithmetic operation, which 
also leads to expansion of the circuit in size and an increase 
in power consumption. In contrast, in the case where the 
Signals are processed in the analog form without conversion 
as described above, Such a problem by no means occurs. 
Therefore, it is expected that by using the analog signal 
processing circuit for the above-described purposes, reduc 
tion of the circuit size and a decrease in the power con 
Sumption can be achieved. 

Regarding the analog signal processing circuit 1 as shown 
in FIG. 15, which is a capacitive coupling type, a requisite 
condition for the Signal processing operation is that a node 
n1 serving as an input end of the amplifier AMP1 has a high 
impedance and a quantity of the electric charge of the node 
n1 does not change over a period while the input signals are 
supplied. For this reason, a MOS field effect transistor 
(MOSFET) is used in an input stage of the amplifier AMP1, 
while the node n1 is arranged So as to be in an electrically 
floating State. 

Static input/output characteristics of the analog signal 
processing circuit 1 are expressed as: 

where -G (G>0) represents again of the amplifier AMP1, Vi 
represents an input Voltage Supplied to the amplifier AMP1, 
Vo represents an output voltage from the amplifier AMP1, 
and Vr represents an operating point Voltage of the amplifier 
AMP1, that is, an input voltage Vi when the following is 
Satisfied: 
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2 
Wo= W (2) 

In an analog Signal processing circuit 1 incorporating the 
amplifier AMP1 thus arranged, let Q be a quantity of charges 
(hereinafter referred to as charge quantity) accumulated in 
the node n1 in the floating State, and the gain G be consid 
erably great, then the Static input/output characteristics of 
the analog signal processing circuit 1 are expressed as: 

Here, -O/Cf represents an off-set. 
Incidentally, it is extremely difficult to regulate the charge 

quantity Q to 0 during a manufacturing Stage, and the charge 
quantity Q varies, thereby causing the variation of DC levels 
of the output signals Vout. Besides, the charge quantity Q 
may Sometimes vary due to intrusion of hot electrons while 
the analog signal processing circuit 1 is run for a signal 
processing operation. Furthermore, even in the case where 
the charge quantity Q is regulated to Zero, the operating 
point voltage Vr of the amplifier AMP1 varies, thereby 
causing the above-mentioned DC levels to vary. Particularly 
in the case where the amplifier AMP1 is a differential 
amplifier, if the input off-set varies, DC off-set of the output 
Signal Vout occurs. 

Therefore, practical application of the analog signal pro 
cessing circuit 1 shown in FIG. 15 to industrial fields is 
difficult the analog signal processing circuit 1 is not modi 
fied. Accordingly, a conventional analog signal processing 
circuit 2 (see FIG. 16) has been proposed. In the analog 
Signal processing circuit 2, the members having the same 
Structure (function) as those in the aforementioned analog 
Signal processing circuit 1 will be designated by the same 
reference numerals and their description will be omitted. 
The analog signal processing circuit 2, having the same 
arrangement as that of the analog signal processing circuit 1, 
further includes a set of Switches S1 through S3 for a 
refreshing operation for compensating an off-set Voltage. 
The Switch S1, provided between the input and output 

ends of the amplifier AMP1, is closed when a control signal 
(p1 is at a high level, thereby directly connecting the input 
end with the output end. The Switch S2, provided on an input 
Side of an input capacitor Ci, Supplies an input Signal Vi to 
the input capacitor Ci when a control Signal (p2 is at a low 
level and Supplies a voltage at a reference level (hereinafter 
referred to as reference Voltage) Vref when the control signal 
(p2 is at the high level. The Switch S3, provided so as to 
Switch Voltages to be Supplied to a feedback capacitor Cf, 
supplies thereto the output voltage Vo of an amplifier AMP1 
when the control signal (p2 is at the low level and Supplies 
the reference voltage Vref when it is at the high level. 

FIGS. 17(a) and 17(b) are timing charts explaining opera 
tions of the analog signal processing circuit 2. A set of a 
refreshing period and a signal processing period provided in 
a period of a predetermined duration is repeated. At a time 
t1 when the refreshing period Starts, the control signals (p1 
and p2 shift to the high level as illustrated in FIGS. 17(a) and 
17(b), respectively. With this, the Switch S1 is closed, 
thereby directly connecting the input end and the output end 
of the amplifier AMP1 to each other, while at the same time 
the reference Voltage Vref is respectively applied to the 
capacitors Ci and Cf. 
AS a result, charges corresponding to the input offset 

voltage of the amplifier AMP1 are accumulated at the node 
n1. Subsequently, the control signal (p1 shifts to the low level 
at a time t2 thereby causing the Switch S1 to go off. The 
control signal p2 at a time t3 shifts to the low level, whereby 
the input Signal Vin is Supplied to the input capacitor Ci 
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through the Switch S2, while the output voltage Vo of the 
amplifier AMP1 is supplied to the feedback capacitor Cf 
through the Switch S3. As a result, a Signal processing 
operation can be carried out at any time after the time t3. 

Thus the refreshing operation ends, whereby the charge 
quantity Q becomes Zero. Here, the Static input/output 
characteristics of the analog Signal processing circuit 2 are 
expressed as: 

Vout-Vref=-(Ci/Cf)(Vin-Vref) (4) 
However, there exist the following problems. In the case 

where a background Voltage composed of DC components 
of the input signal Vin and components having frequencies 
considerably lower than those of Signal components to be 
processed coincides with the reference Voltage Vref, the 
Signal processing operation is applied only to the Signal 
components to be processed. But, usually the background 
Voltage is not constant. This is a hindrance to the practical 
application of the analog signal processing circuit 2. 

Besides, Since the Switch S1 is composed of, for example, 
a MOSFET, even in a state where the Switch S1 should 
completely go off, a slight leak current flows through the 
Switch S1, thereby making it impossible to keep an amount 
of charges at the node n1 to a constant level over a long 
period. Therefore, it is necessary to frequently repeat the 
refreshing operation as is done between the times t1 and t3, 
whereas the Signal processing operation is Suspended during 
the refreshing periods. For this reason, the analog signal 
processing circuits 2 are actually applied to a circuit 
arranged, for example, as shown in FIG. 18. 

FIG. 18 is a block diagram illustrating an electric arrange 
ment of a matched filter 11 for the use in a demodulator 
circuit of a code division multiple access (CDMA) system, 
which is used in a digital automotive/pocket telephone. 
According to the CDMA system, signals are diffused by 
pSuedo noise (PN) codes, which are respectively allocated to 
agencies, for example. On a receiving Side, received signals 
are Sequentially Sampled at predetermined Sampling inter 
vals by a plurality of sample and hold circuits SH1, SH2, . 
..., SHm(collectively referred to as sample and hold circuits 
SH) which are connected in cascade. Then, Voltages thus 
held by the sample and hold circuits SH are multiplied by 
coefficients corresponding to the PN code, and thereafter the 
multiplied results are added and Subtracted. Herein, when 
the PN code for the received signals conforms with the PN 
code of the matched filter 11, thereby causing an output as 
the result of the adding and Subtracting to have a peak value, 
the Signals are inversely diffused. 

The matched filter 11 is provided with two add-Subtract 
circuits 12 and 13 for Summing products, and multiplexors 
14 and 15 for switching the add-Subtract circuits 12 and 13. 
The voltages held by the sample and hold circuits SH are 
selectively sent to either the add-Subtract circuit 12 or the 
add-Subtract circuit 13 by the multiplexor 14. The PN code 
is given to the multiplexor 14, which supplies a bit of +1 of 
the PN code to an adder of either the add-Subtract circuit 12 
or 13, and supplies a bit of -1 of the PN code to a subtractor 
of either the add-Subtract circuit 12 or 13. The multiplexor 
15 outputs an output voltage from either the add-Subtract 
circuit 12 or 13, to which the output voltages from the 
sample and hold circuits SH and the PN code have been 
supplied from the multiplexor 14. Thus, the matched filter 11 
is arranged So that while either the add-Subtract circuit 12 or 
13 is carrying out a product-Summing computation, the other 
add-Subtract circuit carries out the refreshing operation of 
the analog signal processing circuit 2. 

FIG. 19 is a block diagram illustrating a concrete example 
of an arrangement of the add-Subtract circuits 12 and 13. 
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4 
Each of the add-Subtract circuits 12 and 13 has two product 
adders 16 and 17 to which outputs of the sample and hold 
circuits SH are parallely Supplied, an inverter 18, and an 
adder 19. The product adder 16 is composed of input 
capacitors Ci"1, Ci'2,..., Cim (collectively referred to as 
input capacitors Ci') having respective positive coefficients 
corresponding to the PN code. The product adder 16 mul 
tiplies the outputs of the sample and hold circuits SHi 
respectively corresponding to the positive PN code by 
respective capacitance ratios Ci/Cf relating to the input 
capacitors Ci" and the feedback capacitor Cf" as 
coefficients, and adds the multiplied results to each other, 
thereby outputting the added result. 
On the other hand, the product adder 17 is composed of 

input capacitors Ci1, Ci 2, ..., Cim (collectively referred 
to as input capacitors Ci) having respective negative coef 
ficients corresponding to the PN code. The product adder 17 
multiplies the outputs parallely Supplied from the Sample 
and hold circuits SHi respectively corresponding to the 
negative PN code by respective negative coefficients Ci/ 
Cf, and adds the multiplied results to each other, thereby 
outputting the added result. Note that as to each pair of the 
input capacitors having the same reference numeral but + 
and - respectively, for example, Ci1 and Ci1, an output of 
the sample and hold circuit SHi is supplied to either of them 
while the reference Voltage is Supplied to the other. 

The output of the product adder 17 is inverted by the 
inverter 18, and thereafter the inverted result is added to the 
output of the product adder 16 by the adder 19. The added 
result is Supplied to the multiplexor 15. The analog signal 
processing circuits 2 are provided in these add-Subtract 
circuits 12 and 13 as the product adders 16 and 17, the 
inverter 18, and the adder 19. Therefore, in the matched filter 
11, the add-Subtract circuits 12 and 13 are Switched by the 
multiplexor 14 and 15 as described above, so that the 
refreshing operation is alternately applied to the analog 
Signal processing circuits 2. 
AS described above, the analog Signal processing circuit 

2 requires the refreshing operation in order to control the 
amount of charges at the node n1. Therefore, in the case 
where the refreshing operation and the Signal processing 
operation are carried out by time sharing, a spare circuit is 
needed in order not to Suspend the Signal processing. 
Besides, a System for Switching control Such as a clock 
oscillating circuit is required. Therefore, the following prob 
lems arise: the circuit expands in size and power consump 
tion increases, while noises are generated due to the Switch 
ing operation. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an analog 
Signal processing device which is capable of adjusting a DC 
level of an output Signal to a desired set level by compen 
Sating error factorS Such as the charge quantity Q while 
processing Signals, and to provide a correlation computing 
device incorporating the analog signal processing device. 
To achieve the above object, an analog Signal processing 

device of the present invention is an analog signal proceSS 
ing device of a capacitive coupling type, incorporates (1) an 
amplifier, (2) an input capacitor provided at an input end of 
the amplifier, (3) a feedback capacitor provided between the 
input end an output end of the amplifier, and (4) an adaptive 
control circuit for adjusting a DC level of an output Signal 
of the amplifier to an operating point Voltage of the 
amplifier, by negatively feeding back, to an input end of the 
amplifier, only a low frequency component of a difference 
between the output signal and the operating point Voltage, 
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the low frequency component Sharing no frequency band 
with a target Signal to be processed, the target signal being 
included in an input signal Supplied to the amplifier. 

According to the above-described arrangement, the adap 
tive control circuit feeds back a signal for the adaptive 
control which has a low frequency band Sufficiently Separate 
from a frequency band of a target Signal component included 
in the input signal. 

Therefore, a DC level of the output signal is kept at a level 
of the operating point Voltage, thereby ensuring accurate 
Signal processing operations. This arrangement is effective 
in the following cases: (1) in the case where the quantity of 
charges at the input end of the amplifier as a floating node 
varies during a manufacturing Stage or in the case where the 
quantity of the charges at the input end changes due to 
intrusion of hot electrons during the Signal processing 
operation, Such variation or changes of the quantity of the 
charges may cause changes in the background Voltage of the 
input Signal, which is composed of DC and low frequency 
components, and (2) an average level of the input signals 
shifts from an input reference level of the analog signal 
processing device. Furthermore, in the case where a plurality 
of the analog signal processing devices are provided in 
parallel for a plurality of channels, differences among the 
input reference levels of the channels can be compensated. 

Thus, it is possible to, with the processing operation of the 
input signals not Suspended but continued, compensate a 
change of the background Voltage included in the input 
Signal and a shift of the reference level of the input Signal 
from the reference level of the analog signal processing 
device, with the use of an adaptive control Signal which has 
a frequency band Sufficiently Separate from the frequency 
band of the target Signal components to be processed, and 
hence does not affect the target Signal components. This 
arrangement does not require a Spare circuit for 
compensation, thereby ensuring reduction of the circuit in 
Size and a decrease in the power consumption. Besides, an 
inconvenience Such as noises generated because of Switch 
ing between the original circuit and the Spare circuit by no 
CS OCCU.S. 

To achieve the aforementioned object of the present 
invention, another analog Signal processing circuit of the 
present invention is an analog signal processing device of a 
capacitive coupling type, incorporating (1) an amplifier, (2) 
an input capacitor, provided at an input end of Said amplifier, 
(3) a feedback capacitor, provided between the input end an 
output end of said amplifier, and (4) an adaptive control 
circuit for adjusting a DC level of an output signal of Said 
amplifier to a predetermined reference level, by negatively 
feeding back, to an input end of Said amplifier, only a low 
frequency component of a difference between the output 
Signal and the predetermined reference level, the low fre 
quency component sharing no frequency band with a target 
Signal to be processed, the target Signal being included in an 
input Signal Supplied to Said amplifier. 

According to the foregoing arrangement, the adaptive 
control circuit feeds back a signal for the adaptive control 
which has a low frequency band Sufficiently Separate from a 
frequency band of a target Signal component included in the 
input Signal. 

Therefore, it is possible to, with the processing operation 
of the input signals not Suspended but continued, compen 
Sate a change in the background Voltage included in the input 
Signal and a shift of a reference level of the input signal from 
the reference level of the analog signal processing device, 
with the use of an adaptive control signal which has a 
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6 
frequency band Sufficiently Separate from the frequency 
band of the target Signal components to be processed, and 
hence does not affect the target Signal components. This 
arrangement does not require a Spare circuit for 
compensation, thereby ensuring reduction of the circuit in 
Size and a decrease in the power consumption. Besides, an 
inconvenience Such as noises generated because of Switch 
ing between the original circuit and the Spare circuit by no 
CS OCCU.S. 

Besides, unlike the operating point Voltage which has a 
fixed value due to an input off-set Voltage, the input off-set 
Voltage in the above case is compensated by the feedback 
control by the adaptive control circuit with respect to the low 
frequency component, whereby the DC level of the output 
Signal is adjusted to a desired reference level. As a result, 
even in the case where a plurality of the analog signal 
processing devices are provided in parallel for a plurality of 
channels, the respective DC levels of the output Signals of 
the analog signal processing circuits are made to coincide 
with each other, thereby ensuring that Signal processing 
operations afterwards, including an operation for checking 
whether or not the output signals coincide with each other, 
are carried out with high precision. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram for explaining a principle of the 
present invention. 

FIG. 2 is a graph of a frequency spectrum of a Signal 
processing device in accordance with the present invention. 

FIG. 3 is an electric circuit diagram of an analog signal 
processing circuit arranged in accordance with a first 
embodiment of the present invention. 

FIG. 4 is an electric circuit diagram of an analog signal 
processing circuit in accordance with a variation of the first 
embodiment. 

FIG. 5 is a block diagram illustrating an electric arrange 
ment of a matched filter to which the analog signal proceSS 
ing circuits of FIG. 4 are adopted. 

FIG. 6 is a block diagram illustrating a concrete example 
of an arrangement of an add-Subtract circuit in a matched 
filter, in the case where the analog Signal processing circuits 
shown in FIG. 4 are used in the add-Subtract circuit. 

FIG. 7 is an electric circuit diagram of an analog signal 
processing circuit arranged in accordance with a Second 
embodiment of the present invention. 

FIG. 8 is a view illustrating characteristics of an adaptive 
control System of the analog signal processing circuit shown 
in FIG. 7. 

FIG. 9 is a graph of frequency characteristics for explain 
ing requirements in design of the adaptive control System of 
the analog signal processing circuit shown in FIG. 7. 

FIG. 10(a) is a waveform chart of an input signal for 
explaining an adaptive control operation of the analog signal 
processing circuit shown in FIG. 7. 

FIG. 10 (b) is a waveform chart of an output signal for 
explaining an adaptive control operation of the analog signal 
processing circuit shown in FIG. 7. 

FIGS. 11(a) and 11(b) are waveform charts illustrating 
enlarged portions of the waveform charts of FIGS. 10(a) and 
10(b), respectively. 
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FIG. 12(a) is a waveform chart illustrating a potential at 
a node n1, for explaining an initializing operation of the 
Signal processing circuit of FIG. 7 just after power Supply 
StartS. 

FIG. 12(b) is a waveform chart illustrating an output 
Signal, for explaining an initializing operation of the Signal 
processing circuit of FIG. 7 just after power Supply Starts. 

FIG. 13 is an electric circuit diagram of an analog signal 
processing circuit arranged in accordance with a third 
embodiment of the present invention. 

FIG. 14 is an electric circuit diagram of an analog signal 
processing circuit arranged in accordance with a fourth 
embodiment of the present invention. 

FIG. 15 is an electric circuit diagram of a basic analog 
Signal processing circuit. 

FIG. 16 is an electric circuit diagram of a typical con 
Ventional analog signal processing circuit. 

FIGS. 17(a) and 17(b) are timing charts for explaining 
operations of the analog signal processing circuit shown in 
FIG. 16. 

FIG. 18 is a block diagram illustrating an electric arrange 
ment of a matched filter incorporating analog signal pro 
cessing circuits shown in FIG. 16. 

FIG. 19 is a block diagram illustrating a concrete example 
of an arrangement of an add-Subtract circuit in the matched 
filter, in the case where analog Signal processing circuits are 
used in the add-Subtract circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following description will explain a first embodiment 
of the present invention, while referring to FIGS. 1 through 
6 

FIG. 1 is a block diagram for explaining a principle of the 
present invention. In a Signal processing System, a target 
Signal, indicated by a reference code C.1, is Superimposed on 
a background Signal, indicated by a reference code C2, 
having a frequency Sufficiently lower than that of the target 
Signal. As a result, a signal indicated by a reference code C3 
is obtained, and it is Supplied to a signal processing unit 21 
as an input Signal Vin. The Signal processing unit 21 
processes (inverts and amplifies in this case shown in FIG. 
1) the input signal Vin, and outputs, as an output signal Vout, 
a signal indicated by a reference code C4 thus obtained. 
The output Signal Vout, Supplied to an adaptive control 

System arranged in accordance with the present invention, is 
Sent to a comparator 22. The comparator 22 compares the 
output Signal Vout with a voltage Vth set to a predetermined 
threshold level (hereinafter referred to threshold voltage 
Vth), so as to derive an output which is to be used for 
adapting characteristics of the Signal processing unit 21 to 
the input signal Vin. Low frequency components of the 
output of the comparator 22 which correspond to a fre 
quency component of the background Signal are filtered by 
a low-pass filter 23, thereby becoming an adaptive control 
Signal, which is fed back to the Signal processing unit 21. 
AS illustrated in FIG. 2, the target Signal has a frequency 

band of, for example, several hundred kHz to several 
hundred MHZ, whereas the adaptive control Signal has a 
frequency band of DC to about 1 kHz, corresponding to the 
background Signal. By using the adaptive control Signal 
having Such a frequency band Sufficiently Separate from the 
frequency band of the target Signal, it is possible to carry out 
the Signal processing operation while adapting the Signal 
processing unit 21 to changes of the background Signal, 
thereby making the DC level of the output signal Voutstable. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
FIG. 3 is an electric circuit diagram of a concrete example 

of an analog signal processing circuit 31 arranged in accor 
dance with the first embodiment of the present invention. 
The analog signal processing circuit 31 is realized by adding 
an adaptive-control-use resistor Rb (feedback resistor) hav 
ing a high resistance to a capacitive-coupling-type analog 
Signal processing circuit having an amplifier AMP1, an input 
capacitor Ci, and a feedback capacitor Cf. Therefore, a Set of 
the amplifier AMP1, the input capacitor Ci, and the feedback 
capacitor Cf corresponds to the Signal processing System 
composed of the Signal processing unit 21, while a Set of the 
feedback capacitor Cf and the resistor Rb corresponds to the 
adaptive control System composed of the comparator 22 and 
the low-pass filter 23. 

Let a resistance of the resistor Rb and a capacitance of the 
feedback capacitor Cfbe Rb and Cf, respectively, then the 
low-pass filter 23 has a cut-off frequency fe expressed as: 

(5) 

Here, in this invention, the resistance Rb and the capacitance 
Cfare set so that a product of the two is not less than 10" 
Seconds. 
By doing So, for example, in the case where the capaci 

tance of the feedback capacitor is in the order of pF (10'), 
the resistor Rb has a resistance of not less than 10 S2, 
thereby resulting in that the adaptive control System has the 
cut-off frequency fe of not more than 1.5 kHz. Thus, the 
adaptive control System can be arranged So as to have a 
frequency band Sufficiently Separate from the target Signal 
components of around several hundred MHz. Therefore, it is 
possible to compensate a change of the background Voltage 
included in the input signal and a shift of a reference level 
Vo of the output signal from the threshold level (threshold 
voltage Vth), without affecting the target signal components 
to be processed. 
More specifically, for example, in the case where Cf=0.2 

pF (=2x10 F), the resistance of the resistor Rb is set not 
less than 500 MS2 according to the above relation. Then, by 
using the formula (S), the cut-off frequency fe is found as: 

(6) 

In the analog signal processing circuit 31 thus arranged, 
let a gain of the amplifier AMP1 be -G1 (G1->0), and an 
operating point Voltage thereof be Vr1, then input/output 
characteristics of the amplifier AMP1 are expressed as: 

wherein Vn1 is a potential at the node n1. 
Herein, in the case where a time constant determined by 

the capacitor Ci and the resistor Rb is Sufficiently great, as 
compared with a period of the target Signal included in the 
input Signal Vin, an influence of a high resistance of the 
resistor Rb on the analog signal processing circuit 31 can be 
neglected. In this case, taking Static characteristics in 
consideration, Vn 1=Vout is satisfied. 

Therefore, in the case where the analog signal processing 
circuit 31 stably functions, the DC level of the output signal 
Vout is converged to the operating point Voltage Vr1, irrel 
evant to a level of the background Voltage included in the 
input signal Vin. Here, input/output characteristics of the 
circuit shown in FIG. 3 in the frequency band of the target 
Signal are expressed as: 

where Vin' represents a level of the background signal of 
the input signal Vi (hereinafter referred to as background 
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voltage Vin'). From this, it is understood that the analog 
Signal processing circuit 31 serves as a multiplier for mul 
tiplying the target Signal components in the input signal Vin 
by -(Ci/Cf). 

Thus, by providing the resistor Rb in parallel with the 
feedback capacitor Cf, the adaptive control Signal having a 
frequency band Sufficiently Separate from the frequency 
band of the target Signal is negatively fed back, while the 
amount of charges at the node n1 as the input end of the 
amplifier AMP1 is controlled, thereby causing the DC level 
of the output signal Vout to be kept at the level of the 
operating point Voltage Vr1. Thus, with the Signal processing 
operation continued, the analog signal processing unit 31 is 
adapted to changes of the background Signal which is 
composed of DC or low frequency components in the input 
Signal Vin. 

Therefore, without affecting the Signal processing 
operation, the refreshing operation, which is mentioned in 
the description on the background of the invention, can be 
carried out at the same time. Therefore, a device incorpo 
rating the analog signal processing circuit 31 is not required 
to use a spare circuit. As a result, the Size of the circuit and 
the power consumption can be reduced, noises caused by 
Switching the circuits by no means occur, and a System Such 
as a clock oscillating circuit for carrying out complicated 
Switching operations can be omitted. 

According to estimation by the inventor of the present 
invention, an area of the circuit and power consumed by the 
circuit can be reduced by about 30 percent. 

The following description will explain a variation of the 
present embodiment. 

FIG. 4 is an electric circuit diagram of a concrete example 
of an analog Signal processing circuit 32 in accordance with 
the present variation. AS to the analog signal processing 
circuit 31 shown in FIG. 3, a DC level of the output signal 
Vout is the operating point voltage Vr1 of the amplifier 
AMP1. The operating point voltage Vr1 does not coincide 
with an operating point on design, which is given as Vr, due 
to variation occurring in the process of manufacturing LSIs. 
This difference between Vr and Vr1 is significant in evalu 
ating the output signal Vout. The analog signal processing 
circuit 32 is composed of the analog Signal processing 
circuit 31 and a low-pass filter 33. The low-pass filter 33 is 
composed of a resistor RL and a capacitor CL, So as to 
extract low frequency components from an output of the 
analog signal processing circuit 31. 
A cut-off frequency of the low-pass filter 33 is set suffi 

ciently low So as not to pass components having frequencies 
in the Signal frequency band. In the case where the back 
ground Voltage of the input Signal is constant, an output Va 
of the low-pass filter 33 is constant, being coincident with 
the operating point Voltage Vr1. Therefore, a difference 
(Vout-Va) between the output signal Vout of the analog 
Signal processing circuit 31 and the output Va of the low 
pass filter 33 is a Voltage obtained by multiplying an inputted 
Signal component by -Ci/Cf, irrelevant to the operating 
point voltage of the amplifier AMP1. 

FIG. 5 is a block diagram of an arrangement of a matched 
filter 71 to which the analog signal processing circuits 32 of 
FIG. 4 are adopted. In the matched filter 71, sequential 
Sampling operations by Sample and hold circuits SH1, SH2, 
... SHm (hereinafter referred to as sample and hold circuits 
SH collectively) are carried out with respect to an analog 
input signal. A multiplexor 72 is controlled in accordance 
with the PN code so as to selectively supply respective 
outputs of the sample and hold circuits SH to either an 
adding Section or a Subtracting Section of an add-Subtract 
unit 73. 
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10 
The add-subtract unit 73 is composed of two product 

adders 74 and 75, an inverter 76, and an adder 77, as 
illustrated in FIG. 6. To the product adders 74 and 75, inputs 
are Supplied from the sample and hold circuits SH through 
the multiplexor 72. The product adder 74 is composed of 
input capacitors Ci'1, Ci'2,..., Cim (hereinafter collec 
tively referred to as input capacitors Ci') having respective 
positive coefficients in accordance with the PN code. The 
product adder 74 multiplies the output voltages of the 
Sample and hold circuits SHi respectively corresponding to 
the positive PN code by respective capacitance ratios Ci/ 
Cf" relating to the input capacitors Ci and the feedback 
capacitor Cf" as coefficients, and adds the multiplied results 
to each other, thereby outputting the added result. 
On the other hand, the product adder 75 is composed of 

input capacitors Ci1, Ci 2, ..., Cim (hereinafter collec 
tively referred to as input capacitors Ci) having respective 
negative coefficients in accordance with the PN code. The 
product adder 75 multiplies the outputs parallely supplied 
from the sample and hold circuits SHi respectively corre 
sponding to the negative PN code by respective negative 
coefficients Ci/Cf, and adds the multiplied results to each 
other, thereby outputting the added result. Note that as to 
each pair of the input capacitors having the Same reference 
numeral but + and - respectively, for example, Ci1 and 
Ci1, an output of the sample and hold circuit SHi is 
Supplied to either of them while the reference Voltage is 
Supplied to the other. 
The output of the product adder 75 is inverted by the 

inverter 76, and the inverted result is added to the output of 
the product adder 74 by the adder 77. By using as differential 
signals the output Vout of the adder 77 and the output Va 
obtained by filtering the output Vout through the low-pass 
filter 33, the add-Subtract unit 73 functions without being 
affected by variation of the operating point Voltage of the 
analog signal processing circuits 32 respectively constitut 
ing the product adders 74 and 75, the inverter 76, and the 
adder 77. 

Furthermore, Since the analog Signal processing circuit 32 
in the add-subtract unit 73 of the matched filter 71 is capable 
of carrying out the refreshing operation and the Signal 
processing operation in parallel as the analog signal pro 
cessing circuit 31 described above, the matched filter 71 
does not require the add-Subtract circuit 13 and the multi 
plexor 15, which are indispensable in the matched filter 11. 
With this arrangement, it is possible to provide a corre 

lation computing device Such as a matched filter wherein 
products of Sampled values of the received Signal and the 
coefficients in accordance with the PN code of the matched 
filter are Summed and detection of a peak value of the 
Summed results marks the coincidence between the PN code 
thereof and the PN code of the received signal, thereby 
ensuring Synchronization. The correlation computing device 
thus arranged is used in a demodulator circuit of a code 
division multiple access (CDMA) system, which is installed 
in a digital automotive telephone or a digital pocket tele 
phone. 

Note that instead of the analog Signal processing circuits 
32, analog signal processing circuits 41, 51, and 61 
described later are adoptable to the add-Subtract circuit 73, 
and So is the analog signal processing circuit 31 described 
above. 
The following description will explain a Second embodi 

ment of the present invention, while referring to FIGS. 7 
through 12. 

FIG. 7 is an electric circuit diagram of an analog signal 
processing circuit 41 in accordance with the Second embodi 
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ment of the present invention. In the analog signal proceSS 
ing circuit 41, the members having the same Structure 
(function) as those in the analog signal processing circuit 31 
will be designated by the same reference numerals and their 
description will be omitted. 

The analog Signal processing circuit 41 is an analog 
voltage multiplying unit having an amplifier AMP1 which 
is an inverting amplifier, and capacitors Ci and Cf. What is 
noticeable is that the analog signal processing circuit 41 has 
an amplifier AMP2 which corresponds to the comparator 22. 
The amplifier AMP2, being a differential amplifier, is 
arranged So that an output signal Vout is Supplied to a 
non-inverting input terminal thereof while a reference Volt 
age Vref having a predetermined value is Supplied to an 
inverting input terminal thereof. The amplifier AMP2, thus 
arranged, negatively feeds back an adaptive control Signal 
corresponding to a shift of the DC level of the output Signal 
Vout from the reference voltage Vref, to a node n1 via a 
resistor Rb having a high resistance. 

In the analog signal processing circuit 41 thus arranged, 
input/output characteristics of the amplifier AMP1 are 
expressed by the formula (8). Herein, assume that a time 
constant determined by the capacitor Ci and Cf and the 
resistor Rb is sufficiently great, while an influence of the 
high resistance of the resistor Rb on the analog signal 
processing circuit 41 can be neglected. Let a gain of the 
amplifier AMP2 be G2 (G2>0), an operating point voltage 
thereof be Vr2, a potential at a node n2 Serving as the 
non-inverting input end of the amplifier AMP2 be Vn2, and 
a potential at a node n3. Serving as an output end thereof be 
Vn3, then, input/output characteristics of the amplifier 
AMP2 are expressed as: 

Vn3–VF2=G2(Vn2-V2) (9) 

Here, the following is satisfied: 

Vr2=Vref+Voff2 (10) 

where Voff2 represents an input off-set voltage of the 
amplifier AMP2. Besides, Vn 1=Vn3 is satisfied when static 
characteristics are taken in consideration. Therefore, by 
substituting these in the formulas (7) and (9) so as to 
eliminate Vn1, the following is found: 

G1. G2. Wr2+ G 1. (Wr 1 - Wr2) + Vrl 
— 

Gl 

1 + Gl. G2 

11 Wottt = (11) 

Gl. G2 
= - Wr2+ 

1 + Gl. G2 

Gl 
- Vrl 
1 + Gl. G2 

V2 

(Vrl - Vr2) + 

s 

Note that the rightmost side of the equation is obtained by 
approximation, by assuming that G1 and G2 are Sufficiently 
great, for example, not less than 100. 

Therefore, in the case where the analog Signal processing 
circuit 41 stably functions, the DC level of the output signal 
Vout is converged to a constant value, irrelevant to a 
background voltage Vin' of the input signal Vin. In this 
case, in the frequency band of the target Signal the amplifier 
AMP2 has input/output characteristics expressed as: 

Vout-VF2=-(Ci/Cf) (Vin-Vin) (12) 

Therefore, from this, it is understood that the analog 
Signal processing circuit 41 serves as a multiplier for mul 
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12 
tiplying the target Signal components in the input Signal Vin 
by -(Ci/Cf). Besides, in the case where the input off-set 
voltage Voff2 of the amplifier AMP2 is sufficiently small, the 
formula (12) is transformed to the following formula (13) by 
approximation: 

Vout-Vref=-(Ci/Cf)(Vin-Vin') (13) 

From this, it is understood that the DC level of the output 
Signal Vout is always adapted to the reference Voltage Vref 
under the above-described condition. 
The following description will discuss requirements for a 

Stable signal processing operation in the case where the 
amplifier AMP2 is adopted to the adaptive control system. 
The feedback System for the low-frequency background 
Signal included in the output signal Vout is taken out of the 
circuit shown in FIG. 7, and a circuit obtained by trans 
forming the feedback System So that the node A is an input 
side while a node Aa is an output side is shown in FIG. 8. 

Transfer characteristics from a potential Vn3 at the node 
n3 serving as an output end of the amplifier AMP2 to a 
potential at the node A are equivalent to characteristics of a 
first-order-type RC low-pass filter composed of a resistor Rb 
having a high resistance and a feedback capacitor Cf, though 
differing from each other in Signs. Let a cut-off frequency of 
the low-pass filter be f2, then f2 is given as: 

Therefore, the Signal Supplied to the node A is outputted 
to the node Aa through the amplifier AMP2 having a DC 
gain-G2 and the RC filter having a cut-off frequency f2, and 
thereafter, it is fed back through a feedback line Lf to the 
node A. In order to make Such a feedback circuit stably 
function, it is required that at a frequency at a unity gain of 
the circuit as a whole (gain: 1 (0 dB)), a phase lag should be 
less than 180. This requirement is satisfied by setting 
parameters of the circuit shown in FIG. 8 so that the 
following is Satisfied: 

f2. G24fp (15) 

wherein fp represents the lower of a frequency at a pole pl 
of the amplifier AMP1 and a frequency at a pole p2 of the 
amplifier AMP2. 
To be more Specific, in the case where frequency charac 

teristics of the circuit as a whole are as indicated by a line 
designated by a reference code B1 in FIG. 9, the cut-off 
frequency should be shifted from f2 to f2a by setting the 
resistance of the resistor Rb and the capacitance of the 
feedback capacitor Cf, as indicated by a line designated by 
a reference code B2, So that the requirement that the fre 
quency at the unity gain is lower than the frequency fp is 
Satisfied. Note that in an actual design for practical 
application, in order to ensure that the above-described 
requirement is Satisfied, the resistance and the capacitance 
are set so that not the formula (15) but the following formula 
(16) is satisfied: 

For example, assume that a unity gain frequency of the 
amplifier AMP2 is 80 MHz and a DC gain is 60 dB, then a 
frequency at the pole p1 is found as: 

p1=80/60s 1.3 MHz (17) 

FIGS. 10(a) and 10(b) are waveform charts for explaining 
operations of the analog signal processing circuit 41 
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arranged described above. Herein, as to the parameters of 
the circuit, Ci-Cf=0.2 pF, Rb=5 GS2, G1=1000, G2=200, 
V-3V, and Vref=1.5V. 

FIGS. 10(a) and 10(b) illustrate the input signal Vin and 
the output signal Vout, respectively, which are obtained 
under a condition that, So that the operations is easily 
understood, the input signal Vin has a target Signal frequency 
Set to 5 kHz and the background Signal has a sinusoidal 
waveform with a frequency of 100 Hz. Enlarged views of 
waveform portions during a period designated by W in 
FIGS. 10(a) and 10(b) are shown in FIGS. 11(a) and 11(b), 
respectively. As clear from the figures, the DC level of the 
output Voltage is adjusted in accordance with Voltage level 
changes of the background Signal taking place at a Suffi 
ciently low frequency as compared with the target Signal 
frequency, thereby being always Stable at a level of the 
reference voltage Vref, which is set to 1.5 V in this case. 

Thus, a product of the gain of the amplifier AMP2 
(comparator 22) and the frequency of the adaptive control 
Signal (cut-off frequency of the low-pass filter) is set lower 
than the lower between of the frequency at the pole of the 
amplifier AMP1 and the frequency at the pole of the ampli 
fier AMP2. Therefore, even in the case where an adaptive 
control circuit which negatively feeds back a low frequency 
component of an output signal of an amplifier by a desired 
gain to the input end of the amplifier is provided in the 
circuit, oscillation due to the adaptive control circuit does 
not occur Since a phase difference of the adaptive control 
Signal with respect to the input signal is less than 180. 

FIGS. 12(a) and 12(b) show an initializing operation 
when power Supply Starts. Since in the analog signal pro 
cessing circuit 41 the node n1 is connected to the node n3 
through the resistor Rb, a potential difference is caused 
between the node n1 and the node n3 in a State where the 
circuit is not connected to the power Supply, due to a 
potential at the node n3 which depends on charges accumu 
lated in Stray capacitance of the node n. This potential 
difference causes changes in the amount of charges in the 
node n1. 

Therefore, when power supply starts, the DC level of the 
output signal Vout is not the level of the reference Voltage 
Vref, that is, 1.5V, as illustrated in FIG. 12(b). But, as the 
potential of the node n1 rises as shown in FIG. 12(a), the DC 
level of the output signal Vout is converged to the level of 
the reference voltage Vref, that is, 1.5 V. Herein, assume that 
the input Signal Vin is a constant DC Voltage, in the case of 
FIG. 12(b). 

Thus, while in the analog Signal processing circuit 31, the 
specific operating point voltage Vr1 of the amplifier AMP1 
corresponds to the threshold Voltage Vith, in the analog 
Signal processing circuit 41, the reference Voltage Vref 
whose value is desirably set corresponds to the threshold 
Voltage Vith. Therefore, in the case where the analog signal 
processing circuits 41 are used for a plurality of channels in 
parallel, each DC level of the output signals Vout is made to 
coincide with a desired level, thereby ensuring that Signal 
processing operations afterwards, including an operation for 
checking whether or not the output signal coincides with the 
reference Voltage, are carried out with high precision. 

FIG. 13 is a circuit diagram of an analog signal processing 
circuit 51 in accordance with a third embodiment of the 
present invention. In the analog Signal processing circuit 51, 
the members having the same structure (function) as those in 
the analog signal processing circuit 41 will be designated by 
the same reference numerals and their description will be 
omitted. 
What is noticeable is that a reference voltage Vref is 

Supplied to an inverting input terminal of an amplifier AMP2 
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through an input coupling capacitor Cb, and that Switches 
SW1 and SW2 are provided. The switch SW1 connects or 
disconnects the inverting input terminal and an output 
terminal of the amplifier AMP2, while the switch SW2 
Selectively Supplies either the output signal Vout or the 
reference Voltage Vref to the non-inverting input terminal of 
the amplifier AMP2. 
The amplifier AMP2 has a MOSFET as its input stage, 

while a node na on a side to the inverting input terminal has 
an extremely high impedance in a State where the Switch 
SW1 is off. When a control signal d1 for controlling the 
Switch SW1 shifts to a high level thereby closing the Switch 
SW1 and a control signal d2 for controlling the Switch SW2 
shifts to a high level thereby causing the reference level Vref 
to be Supplied to a node n3 on a Side to the non-inverting 
input terminal of the amplifier AMP2, charges expressed as 
Cb Voff2 are accumulated at the node na, where Voff2 
represents an input off-set voltage of the amplifier AMP2. 

Thereafter, the control signal d1 shifts to a low level 
thereby causing the Switch SW1 to go off, and the charges 
accumulated at the node na are kept therein. Subsequently, 
the control signal d2 shifts to a low level, thereby causing 
the output signal Vout to be sent to the amplifier AMP2 
through the Switch SW2, and when the feedback system 
shifts by the off-set voltage Voff2 into an operating state, the 
reference voltage Vref shifts due to the charges Cb Voff2 
accumulated at the node na, and the reference Voltage Vref 
thus having the shift is supplied to the amplifier AMP2. 

In the analog signal processing circuit 41, the DC level of 
the output signal Vout shifts from the level of the reference 
voltage Vref by the input off-set voltage Voff2 of the 
amplifier AMP2. On the other hand, with the analog signal 
processing circuit 51, wherein the shift equivalent to the 
off-set voltage Voff2 is compensated, it is possible to carry 
out the Signal processing operation with higher precision. 

Note that, as described in relation to the prior art, even 
when the Switch SW1 goes off, it is impossible to keep the 
amount of charges at the node na to a constant level for a 
long period of time, due to leak current. However, in the 
present embodiment, it is possible to carry out the compen 
Sating operation periodically, for example, at every 1 kHz, 
that is, at every 1 mSec, and finish the operation within a 
period of Several usec each time. This operating period is 
extremely short, as compared with the time constant of the 
feedback system of the amplifier AMP2, that is, 10" sec, 
and hence the compensating operation does not affect the 
adaptive control operation. Therefore, by carrying out the 
off-set Voltage compensating operation while the Signal 
processing operation is continuously carried out, it is pos 
Sible to carry out the adaptive control operation So that the 
output voltage Vout coincides with the desirable reference 
voltage Vref. 
AS described above, during the refreshing operation of the 

adaptive control System, the reference Voltage Vref is Sup 
plied through the Switch SW2 to the input end (non 
inverting input end) of the amplifier AMP2 and the Switch 
SW1 directly connects the output end of the amplifier AMP2 
with the input end (inverting input end) of the amplifier 
AMP2. Therefore, the output end of the amplifier AMP2 and 
the input end thereof for the reference voltage Vref have the 
Same potential. As a result, acroSS the terminals of the input 
coupling capacitor Cb, one terminal being connected to the 
input end of the amplifier AMP2 for the reference voltage 
Vref while to the other the reference voltage Vref being 
Supplied, a potential difference corresponding to the input 
off-set voltage Voff2 of the amplifier AMP2 took place. 
Therefore, charges corresponding to the input off-set Voltage 
Voff2 are accumulated in the input coupling capacitor Cb. 
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On the other hand, during the normal Signal processing 
operation, the output signal Vout of the amplifier AMP1 is 
Supplied to the non-inverting input end of the amplifier 
AMP2 through the Switch SW2, while the reference voltage 
Vref is Supplied to the inverting input end thereof through 
the input coupling capacitor Cb. The output end of the 
amplifier AMP2 is connected to the input end of the ampli 
fier AMP1 through the resistor Rb. 

Therefore, during the Signal processing operation, the 
reference voltage Vref, which has been shifted by the input 
coupling capacitor Cb with a shift corresponding to the input 
off-set voltage Voff2 of the amplifier AMP2, is inputted to 
the amplifier AMP2. Thus, the input off-set voltage Voff2 of 
the amplifier AMP2 is compensated. 

The following description will explain a fourth embodi 
ment of the present invention, while referring to FIG. 14. 

FIG. 14 is an electric circuit diagram of an analog signal 
processing circuit 61 in accordance with the fourth embodi 
ment of the present invention. In the analog signal proceSS 
ing circuit 61, the members having the same Structure 
(function) as those in the analog signal processing circuit 51 
will be designated by the same reference numerals and their 
description will be omitted. 
What is noticeable is that in an amplifier AMP2 of the 

analog Signal processing circuit 61, there are provided a 
feedback capacitor Ce as a feedback circuit for determining 
again. There is also provided a Switch SW3 which is closed 
in response to a control Signal d2 So as to refresh the 
feedback capacitor Ce by removing charges accumulated 
therein. Moreover, there are provided an amplifier AMP3 for 
inverting an output of the amplifier AMP2, an input capaci 
tor Cd and a feedback capacitor Ce for determining a gain 
of the amplifier AMP3, and Switches SW4 and SW5 for 
refreshing the feedback capacitor Ce. 

While the control signals d1 and d2 are at a high level, 
an refreshing operation for compensating input off-set Volt 
ages of the amplifiers AMP2 and AMP3 is carried out. On 
the other hand, while the control signals d1 and d2 are at 
a low level, the adaptive control operation is carried out. 

In the analog signal processing circuit 61, in a State where 
the input off-set voltages of the amplifiers AMP2 and AMP3 
are compensated, Voltage transfer characteristics from a 
node n2 to a node n3 are expressed as: 

Vn3-Vref=(CdICe)(Cb/Cc)(Vn2-Vref) (18) 

Therefore, by Setting capacitances Cb, Cc, Cd, and Ce to 
appropriate values, a gain of the adaptive control System, 
that is, again G2, can be set to a desired value, for example, 
1 to Several hundred. In the analog signal processing circuit 
51, again of the amplifier AMP2 becomes as high as around 
60 dB, thereby making it impossible to satisfy the formula 
(16) in the case where the target signal and the background 
Signal fall in Some Specific frequency bands, respectively. 
On the other hand, Such inconvenience does not take place 
in the case of the analog signal processing circuit 61. 
To be more specific, in the case where the amplifier AMP2 

is used without feedback, the gain of the adaptive control 
Signal becomes greater. As a result, in the case where the 
target signal and the background Signal fall in Some specific 
frequency bands, respectively, Sometimes the Stabilizing 
condition for Suppressing Oscillation are not satisfied. On the 
other hand, by providing the feedback capacitor Ce for 
determining the gain of the amplifier AMP2, the gain for the 
adaptive control Signal is controlled and the OScillation is 
Surely prevented. 

Since the amplifier AMP3 is only required to have a 
function of inverting a polarity of the output of the amplifier 

15 

25 

35 

40 

45 

50 

55 

60 

65 

16 
AMP2, a differential amplifier wherein feedback is carried 
out through a resistance may be used as the amplifier AMP3. 
Besides, the amplifier AMP1 is not necessarily an inverting 
amplifier, and another amplifier may be used, Such as a 
differential amplifier to which the reference voltage Vref is 
Supplied through a non-inverting input terminal thereof. 
The invention being thus described, it will be obvious that 

the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the Spirit and Scope 
of the invention, and all Such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the Scope of the following claims. 
What is claimed is: 
1. An analog signal processing device of a capacitive 

coupling type, comprising: 
an amplifier; 
an input capacitor, provided on a side of an input end of 

Said amplifier; 
a feedback capacitor, provided between the input end and 

an output end of Said amplifier; and 
an adaptive control circuit for adjusting a DC level of an 

output Signal of Said amplifier to an operating point 
Voltage of Said amplifier, by negatively feeding back, to 
the input end of Said amplifier, only a low frequency 
component of a difference between the output Signal 
and the operating point Voltage, the low frequency 
component Sharing no frequency band with a target 
Signal to be processed, the target Signal being included 
in an input signal Supplied to Said amplifier, 

the analog signal processing device multiplying the target 
Signal by -(Ci/Cf), where Ci and Cfrepresent a capaci 
tance of Said input capacitor and a capacitance of Said 
feedback capacitor, respectively. 

2. The analog Signal processing device as Set forth in 
claim 1, wherein Said adaptive control circuit has a high 
resistance Such that a product of the high resistance and the 
capacitance of Said feedback capacitor is not less than 10" 
Seconds. 

3. The analog Signal processing device as Set forth in 
claim 1, further comprising a low-pass filter for extracting a 
low frequency component out of an output signal of Said 
analog signal processing device, an output of Said low-pass 
filter and the output of Said analog signal processing device 
being used as differential Signals. 

4. An analog signal processing device of a capacitive 
coupling type, comprising: 

an amplifier; 
an input capacitor, provided on a side of an input end of 

Said amplifier; 
a feedback capacitor, provided between the input end and 

an output end of Said amplifier; 
an adaptive control circuit for adjusting a DC level of an 

output Signal of Said amplifier to a predetermined 
reference level, by negatively feeding back, to the input 
end of Said amplifier, only a low frequency component 
of a difference between the output signal and the 
predetermined reference level, the low frequency com 
ponent Sharing no frequency band with a target Signal 
to be processed, the target Signal being included in an 
input Signal Supplied to Said amplifier, 

Said adaptive control having a comparator for generating 
a Voltage corresponding to the difference between the 
output signal and the predetermined reference level, 
and a feedback resistor for negatively feeding back an 
output of Said comparator to the input end of Said 
amplifier, 
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a gain of Said comparator and a resistance of Said feed 
back resistor being Set So that a phase lag of an adaptive 
control Signal of Said adaptive control circuit with 
respect to the input Signal Supplied to Said amplifier is 
less than 180 at a frequency which makes again of the 
analog signal processing device a unity gain; 

first Switching means, connected to a first input of Said 
comparator through which the output signal of Said 
amplifier is Supplied to Said comparator, for Selectively 
Supplying either the output Signal of Said amplifier or a 
Voltage corresponding to the predetermined reference 
level; 

an input coupling capacitor, connected to a Second input 
of Said comparator, through which the Voltage corre 
sponding to the predetermined reference level is Sup 
plied to Said comparator; and 

Second Switching means for connecting and disconnecting 
an output end of Said comparator and the Second input 
of Said comparator. 

5. The analog Signal processing device as Set forth in 
claim 4, further comprising a feedback circuit for determin 
ing a gain of Said comparator. 

6. The analog Signal processing device as Set forth in 
claim 5, wherein Said feedback circuit is a Second feedback 
capacitor. 

7. The analog Signal processing device as Set forth in 
claim 6, further comprising third Switching means for 
removing charges accumulated in Said Second feedback 
capacitor. 

8. The analog Signal processing device as Set forth in 
claim 7, further comprising: 

an inverting amplifier for inverting an output of Said 
comparator, 

a gain determining capacitor for determining a gain of 
Said inverting amplifier; 

a third feedback capacitor being provided as a feedback 
circuit of Said inverting amplifier; and 

fourth Switching means for refreshing Said third feedback 
capacitor. 

9. The analog Signal processing device as Set forth in 
claim 4, Serving as a multiplier for multiplying the target 
Signal by -(Ci/Cf), where Ci and Cf represent a capacitance 
of Said input capacitor and a capacitance of Said feedback 
capacitor, respectively. 

10. The analog signal processing device as Set forth in 
claim 4, further comprising a low-pass filter for extracting a 
low frequency component out of an output of Said analog 
Signal processing device, an output of Said low-pass filter 
and the output of Said analog Signal processing device being 
used as differential Signals. 

11. A correlation computing device comprising an analog 
Signal processing device of a capacitive coupling type, Said 
analog Signal processing device having an amplifier, a 
plurality of input capacitors provided on a side of an input 
end of Said amplifier, a feedback capacitor provided between 
the input end and an output end of Said amplifier, and an 
adaptive control circuit for adjusting a DC level of an output 
Signal of Said amplifier to an operating point Voltage of Said 
amplifier by negatively feeding back, to the input end of Said 
amplifier, only a low frequency component of a difference 
between the output Signal of Said amplifier and the operating 
point Voltage of Said amplifier, the low frequency compo 
nent sharing no frequency band with a target Signal to be 
processed, the target Signal being included in an input signal 
Supplied to Said amplifier, 

Said input capacitors being provided in parallel So as to 
respectively correspond to a plurality of input signals 
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Supplied to Said amplifier, each of Said input capacitors 
having a capacitance corresponding to a predetermined 
coefficient that is predetermined So that a product 
adding operation is carried out with respect to the 
plurality of input signals by multiplying each of the 
plurality of input signals by a corresponding predeter 
mined coefficient and adding the multiplied results to 
each other. 

12. The correlation computing device as Set forth in claim 
11, wherein Said adaptive control circuit has a high resis 
tance Such that a product of the high resistance and a 
capacitance of Said feedback capacitor is not less than 10" 
Seconds. 

13. The correlation computing device as Set forth in claim 
11, wherein Said analog signal processing device Serves as a 
multiplier for multiplying each of target Signals included in 
the plurality of input signals by -(Ci/Cf), where Ci and Cf 
represent corresponding capacitances of Said input capaci 
tors and a capacitance of Said feedback capacitor, respec 
tively. 

14. The correlation computing device as Set forth in claim 
11, wherein Said analog signal processing device further 
includes a low-pass filter for extracting a low frequency 
component out of an output of Said analog Signal processing 
device, an output of Said low-pass filter and the output of 
Said analog signal processing device being used as differ 
ential Signals. 

15. A correlation computing device comprising an analog 
Signal processing device of a capacitive coupling type, Said 
analog Signal processing device having an amplifier, a 
plurality of input capacitors provided on a side of an input 
end of Said amplifier, a feedback capacitor provided between 
the input end and an output end of Said amplifier, and an 
adaptive control circuit for adjusting a DC level of an output 
Signal of Said amplifier to a predetermined reference level by 
negatively feeding back, to the input end of Said amplifier, 
only a low frequency component of a difference between the 
output Signal of Said amplifier and the predetermined refer 
ence level, the low frequency component sharing no fre 
quency band with a target Signal to be processed, the target 
Signal being included in an input signal Supplied to Said 
amplifier, 

Said input capacitors being provided in parallel So as to 
respectively correspond to a plurality of input signals 
Supplied to Said amplifier, each of Said input capacitors 
having a capacitance corresponding to a predetermined 
coefficient, So that a, product adding operation is car 
ried out with respect to the plurality of input signals by 
multiplying each of the plurality of input Signals by a 
corresponding predetermined coefficient and adding 
the multiplied results to each other. 

16. The correlation computing device as Set forth in claim 
15, wherein Said adaptive control circuit has a comparator 
for generating a Voltage corresponding to the difference 
between the output Signal and the predetermined reference 
level, and a feedback resistor for negatively feeding back an 
output of Said comparator to the input end of Said amplifier, 

again of Said comparator and resistance of Said feedback 
resistor being Set So that a phase lag of an adaptive 
control Signal of Said adaptive control circuit with 
respect to each of the plurality of input Signals Supplied 
to said amplifier is less than 180 at a frequency which 
makes again of Said analog signal processing device a 
unity gain. 

17. The correlation computing device as Set forth in claim 
16, wherein Said analog signal processing device further 
includes: 
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first Switching means, connected to a first input of Said 
comparator through which the output signal is Supplied 
to Said comparator, for Selectively Supplying either the 
output signal or a Voltage corresponding to the prede 
termined reference level; 

an input coupling capacitors connected to a Second input 
Said comparator, through which the Voltage corre 
sponding to the predetermined reference level is Sup 
plied to Said comparator; and 

Second Switching means for connecting and disconnecting 
an output end of Said comparator and the Second input 
of Said comparator. 

18. The correlation computing device as Set forth in claim 
17, wherein Said analog signal processing device further 
includes a feedback circuit for determining a gain of Said 
comparator. 

19. The correlation computing device as set forth in claim 
18, wherein said feedback circuit is a second feedback 
capacitor. 

20. The correlation computing device as Set forth in claim 
19, wherein Said analog signal computing device further 
includes third Switching means for removing charges accu 
mulated in Said Second feedback capacitor. 

21. The correlation computing device as Set forth in claim 
20, wherein Said analog Signal computing device further 
includes: 
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an inverting amplifier for inverting an output of Said 

comparator, 
a gain determining capacitor for determining a gain of 

Said inverting amplifier; 
a third feedback capacitor being provided as a feedback 

circuit of Said inverting amplifier; and 
fourth Switching means for refreshing Said third feedback 

capacitor. 
22. The correlation computing device as Set forth in claim 

15, wherein Said analog signal processing device Serves as 
a multiplier for multiplying each of target Signal components 
included in the plurality of input signals by -(Ci/Cf), where 
Ci and Cfrepresent corresponding capacitances of Said input 
capacitors and a capacitance of Said first feedback capacitor, 
respectively. 

23. The correlation computing device as Set forth in claim 
15, wherein Said analog signal processing device further 
includes a low-pas filter for extracting a low frequency 
component out of an output of Said analog Signal processing 
device, an output of Said low-pass filter and the output of 
Said analog signal processing device being used as differ 
ential Signals. 


